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© Semiconductor device and method for producing the same. 

© A semiconductor device, wherein an electrode wiring, which is in contact with semiconductor layers 
of mutually different conductive types and serves to connect at least the layers of mutually different 
conductive types, comprises a first portion principally composed of a component same as the principal 
component of the semiconductor layers, and a second portion consisting of a metal. 



FIG. 1B 
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BACKGROUND OF THE INVENTION 
Field of the Invention 



The present invention relates to a semiconductor integrated circuit device such as a memory or a signal 
processing device for use in various electronic appliances, and a method for producing the same 



Related Background Art 



teria^MOSF^" ' ayer been . « 6d ^ 3 Wiri " 9 ma,eria ' f ° r Vari ° US semic ° nd "<*» devices, a gate ma- 

TonJ < k' • ° r ^ ' mPUnty d,ffUSi ° n S ° UrCe - SuCh d0p6d PO,ySilic0n has contained the impurity of a 
single conductive type, in consideration of ease of manufacturing process 

0336 polyS,l,con is used 3S the 9 ats -material of a CMOSFET of the conventional structure 
Z I 3 S3me conductive *y pe - such as n-Po'ysilicon for both NMOSFET and PMOSFET and the 
threshold voltages of the two may not be mutually matched. ' 6 

Also in case of a circuit is composed of NPN and PNP transistors, the polysiiicon of a conductive type can 
only be used, as the emitter diffusion source, in either transistor. onaucuve VPe can 

in thlVj^ 5 t !' e ^ ysmco " has tew associated with drawbacks of giving rise to a large chip size and a loss 

SL"5££2 "Xr of its hi9h resis,ance - requirin9 3 lar9e 



SUMMARY OF THE INVENTION 



as odvlilZ of «T the / ore 9°'"9. the object of the present invention is to increase the freedom of use of 
25 pdysdicon of afferent conductive types, or the freedom in circuit design, and to reduce the chio size «" ~h 
improv.ng the level of integration of semiconductor devices. P h8reby 

The semiconductor device of the present invention is featured by a fact that an electrode wirinn nrn U Pri„H 

^7 s :«mTT u T ,ayer of mutua,ly d Werent condijctive * pes and ^S^SS! 

30 Is Z nn„ . conductive types comprises a first portion principally composed of a componen same 

Also fh P ~ m . POnent ° f said "miconductor layers, and a second portion composed of a me^t 
Also the producing method of the present invention is featured by forming a first laver brtdoholl, =~ 

slid r^r d ri u r s, f trate - exposed in at ,east ^ apenures ■« sjss s ^ ac * 

Itm™ of s'h ' S Sald firet ' ayer bein9 PfinCipal,y C ° mp0Sed of a comp °"-t same as The pnncfpa 

- ^pSSS.^T.ST'- deP0S ' tin9 ^ " 3 m6tal PrinCiPa " y C ° mP0Sed ° f A1 -'-ively^^ 

typ^Se^"r^' n H nVen ^ n - 3 meta ' fi ' m 15 SeleCtiVe ' y deP0Si ' ed 0n Si,iCOn with different conducts 

40 BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1A and 1B are schematic views showing the principle of the present invention- 

invention flT^ ^T" 9 ™ * ^ apparBtUS adapted f ° r use *' n the ™*«* °' the present 

invention for producing the semiconductor circuit device* 

" ^<^p^?ZIL^ p ^ views showin ' 9 steps for forming a firet wirino layer in 
SstLC^^^^ 

F>gs 9 to 1 2 are schematic cross-sectional views showing the producing method therefor 
^ 1 3 is a circuit d.agram of an inverter circuit embodying the present invention- 
's 14 to 16 are views showing laminate structures according to the present invention; 
Fig. 17 ,s a plan view of a CMOSFET obtained by a conventional method- 
's 18 and 19 are respectively a schematic cross-sectional view and a schematic plan view of a bipolar 
transfer embodying the present invention; P r 

55 S%r° l ° ^ ar£ ! ! Ch6matic cross "Sectional views showing the producing method therefor; 

Fig. 26 is a circuit d.agram of a buffer circuit embodying the present invention* and 
t->g. 27 IS a plan view of a bipolar transistor obtained by a conventional method 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Now, the present invention will be clarified in detail by preferred embodiments thereof. 
Figs. 1A and 1B are respectively a plan view and a cross-sectional view along a line A-A* in Fig 1A 
schematically showing a CMOSFET involving a laminate structure of a polysilicon layer and a metal layer of 
the present invention. On a semiconductor substrate 1 01, there are formed a PMOS device (P1) and an NMOS 
device (N1) are formed to constitute a CMOS circuit. On an oxide film 102, there is formed a laminate electrode 
wiring consisting of a single polysilicon layer 103 and a metal layer 104, serving as the gate electrodes and 
wirings for both devices, and source-drain electrodes 106 are further formed. Said single polysilicon layer 103 
ts doped in p-type in a portion 1 03A at the side of the PMOS device, and in n-rype in a portion 103B at the side 
of the NNOS device, and. on the entire area of the polysilicon layer, there is deposited selectively a metal layer 
1 04 composed of AJ cr principally of Al. or of another metal such Cu. Mo or W. A multi-layered wiring may also 
be obtained by opening a through-hole in an arbitrary position in an insulation film (not shown) formed on the 
metai wiring layer 104, selectively depositing metal in said through-hole, and forming another wiring on said 
15 insulation film. 

More specifically, a laminate structure of a metal and a material principally composed of a component same 
as the principal component (Si in this case) constituting the semiconductor device can be obtained by the above- 
explained selective deposition, and the multi-layered wiring structure can be obtained by effecting the selective 
deposition and the non-selective deposition of the conductive materials in succession according to the neces- 
20 sity. 

Preferred exampl es of the metal principally composed of Al include AJ-Si, Al-Ti, Al-Cu, Al-Si-Ti and Al-Si-Cu 
The polysilicon layer may have an undoped portion between the p- and n-doped portions. Also a silicide 
layer may be formed on the polysilicon, prior to selective deposition of metal Him. 

The doping of the polysilicon layer may be conducted in the ion implantation step for forming the source- 
drain areas of the MOSFET, or in another separate step. Also the lead electrode for the source^drain area may 
be composed of a multi-layered film composed of polysilicon and Al-Si. 

The laminate structure of polysilicon and metal may be employed in the lead electrode for the emitter and/or 
collector of a bipolar transistor. 

As examples of usable metal, selective deposition of Cu can be achieved with copper bisacetylacetonate 
30 Mo with Mo(CH 3 ) 6 , or W with W(CH 3 ) 6 on polysilicon. 

In the following there will be explained a deposition method suitable for forming a metal layer for the elec- 
trode wiring of the present invention. 
[Film forming method] 

In the following there will be explained a film forming method of the present invention, suitable for forming 
35 an electrode. 3 

Said method is adapted for filling an aperture with a conductive material, for forming the electrode of the 
above-explained structure. 

Said film forming method consists of forming a deposited film by a surface reaction on an electron donating 
substrate, utilizing alkylaluminum hydride gas and hydrogen gas (said method being hereinafter called AI-CVD 

40 method). An alumrnum film of satisfactory quality can be deposited by heating the surface of the substrate in 
the presence of a gaseous mixture particularly consisting of monomethylaluminum hydride (MMAH) or 
dimethylaluminum hydride (DMAH) as the raw materia! gas and hydrogen as the reaction gas. At the selective 
Al deposibon, the substrate surface is preferably maintained at a temperature at least equal to the decomposi- 
tion temperature of alkylaluminum hydride but lower than 450°C, more preferably between 260°C and 440°C 

45 by direct or indirect heating. 

The heating of the substrate in the above-mentioned temperature range may be achieved by direct or indi- 
rect heating, but formation of an Ai film of satisfactory quality can be achieved with a high deposition speed, 
particularly by direct heating. For example, with the more preferred temperature range of 260° - 440 a C, a satis- 
factory film can be obtained with a deposition speed of 300 - 5000 A/min. which is higher than in the resistance 
heating. Such direct heating (substrate being heated by direct transmission of energy from the heating means) 
can be achieved by heating with a lamp such as a haicgen lamp or a xenon lamp. Also indirect heating may 
be achieved for example by resistance heating, conducted by a heat generating member provided in a substrate 
support member, for supporting the substrate to be subjected to film deposition, provided in a film depositing 
space. 3 

This method, if applied to a substrate having both an electron donating surface area and an electron non- 
donating surface area, allows to form single crystal of aluminum with satisfactory selectivity solely on the elec- 
tron donating surface area. Such aluminum is excellent in all the properties required for the electrode/wiring 
material, including a low hillock frequency and a low alloy spike frequency. 
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This is presumably because the semiconductive or conductive surface constituting an electron donating 
surface can selectively develop an aluminum film of satisfactory quality and excellent crystalline character of 
said Al film excludes or significantly reduces the alloy spike formation etc. resulting from an eutectic reaction 
with the underlying silicon. Such AJ film, when employed as an electrode of a semiconductor device, provides 
the advantages far exceeding the concept of the conventional Al electrode and not anticipated in the prior 
technology. 

As explained above, the AJ deposited in an aperture with an electron donating surface, for example an aper- 
ture formed in an insulating Him and exposing the surface of a semiconductor substrate therein, has a mono- 
crystalline structure. Besides said AI-CVD method can achieve selective deposition of following metal films 
principally composed of aluminum, with likewise satisfactory quality. 

For example, the electrode may be formed by selective deposition of various conductive materials such 
as Ai-Si. AI-Ti, Al-Cu. Al-Si-Ti or Al-Si-Cu by the use of a mixed gaseous atmosphere employing, in addition 
to alkylaluminum hydride gas and hydrogen, a suitable combination of: 

Si-containing gas such as SiH 4 . Si 2 H 6 . Si 3 H 8 , Si(CH 3 ) 4 , SiCU, SiH 2 CI 2 or SiHCI 3 ; 

Tkcontaining gas such as TiCU, TiBr* or Ti(CH 3 ) 4 ; and/or 

Cu-containing gas such as copper bisacetylacetonate Cu(C 5 H 7 02) 2 , copper bisdipyvaloyimethanite 
CufC^H 19O2J2 or copper bishexafluoroacetylacetonate Cu(C 5 HF 6 0 2 ) 2 . 

Also since said AI-CVD method is excellent in selectivity and provides satisfactory surface characteristics 
on the deposited film, there can be obtained a metal film suitable and widely usable for the wirings of a semi- 
conductor device, by employing a non-selective film forming method in a next deposition step to form a metal 
film composed solely or principally of aluminum not only on the selectively deposited aluminum film mentioned 
above but also on the Si0 2 insulation film. 

Examples of such metai films include combinations of selectively deposited Al. Al-Si AJ-Ti Al-Cu Al-Si-Ti 
or AJ-Si-Cu and non-selectively deposited AJ, Al-Si. AI-Ti, Al-Cu. Al-Si-Ti or Al-Si-Cu. Said non-selective film 
deposition may be achieved by CVD other than the aforementioned AJ-CVE. or by sputtering 
F>lm forming apparatus] 

In the following there will be explained a film forming apparatus suitable for the electrode formation accord- 
ing to the present invention. 

Figs. 2 to 4 schematically illustrate a continuous metai film forming apparatus suitable for executing the 
film forming method explained above. 

As shown in Fig. 2. said apparatus is composed of a load lock chamber 311 . a CVD reaction chamber (first 
film forming chamber) 312. an Rf etching chamber 313. a sputtering chamber (second film forming chamber) 
314 and a load lock chamber 315. which are rendered sealable from the external atmosphere and mutually 
commumcatable by means of gate valves 310a - 31 Of and can be respectively made vacuum or reduced in 
pressure by vacuum systems 316a - 31 6e. The load lock chamber 311 is used for eliminating the atmosphere 
of substrate and replacing it with H 2 prior to the deposition, in order to improve the throughout. The next CVD 
reaction chamber 312. for selective deposition onto the substrate undernormal or reduced pressure is provided 
therein w.th a substrate holder 318 with a resistance heater 317 for heating the substrate surface subjected to 
film formation at least within a temperature range of 200°-450°C, and receives the raw materia! gas such as 
of aJkyialum.num hydnde, which is gasified by bubbling with hydrogen in a bubbler 319-1 , through a raw material 
gas supply hne 319. and hydrogen as the reaction gas through a gas line 319'. The Rf etching chamber 313 
tor cleaning (etching) of the substrate surface in Ar atmosphere after the selective deposition, is provided therein 
with a substrate holder 320 capable of heating the substrate at least within a range of 1 00* - 250°C and an Rf 
etch.ng electrode line 321 . and is connected to an Ar gas supply line 322. The sputtering chamber 314 for non- 
selective depos.bon of a metal film by sputtering in Ar atmosphere, is provided therein with a substrate hofder 
323 to be heated at least within a range of 200° - 250°C and a target electrode 324 for mounting a sputtering 
farget 324a. and is connected to an Ar gas supply line 325. The final load lock chamber 315. for adjustment of 
the substrate after metal film deposition and prior to the exposure to the external atmosphere, is designed to 
be capable of replacing the atmosphere with N 2 . 

Fig. 3 shows another example of the continuous metal film forming apparatus, wherein same components 
as those in Fig. 2 are represented by same numbers. The apparatus in Fig. 3 is different from that in Fig 2 in 
ttiat the substrate surface is directly heated by halogen lamps 330. and. for this purpose, the substrate holder 
312 is provided with projections 331 for supporting the substrate in a floating state. 

Direct heating of the substrate surface with such structure further increases the deposition speed as exp- 
lained before. 

The continuous metal film forming apparatus of the above-explained structure is equivalent, in practice to 
a structure shown in Fig. 4. in which the load lock chamber 3 1 1 . CVD reaction chamber 312. Rf etching chamber 
313. sputtenng chamber 314 and load lock chamber 315 are mutually combined by a transport chamber 326 
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In this structure the load .ock chamber 31 1 serves also as the chamber 315. In said transport chamber 326 
there ,s provided an arm 327 constituting transport means, rotatable in both directions A-A and extendable and 
rentable in direction 3-B. whereby the substrate can be transferred in succession from the load lock chamber 

s lock chll V,TT T mbet 312 ' Rf e,Chin9 chamber313 - 'Paring chamber 314. andfina.ly .othe.oad 
5 ock chamber 315 witnout exposure to the external atmosphere, as indicated by arrows in Fig 5 

[Him forming process] 

the prerenHnvem'io'n 6 e * P ' ained the f ° rmin9 process for ,ormin 9 the tetrodes and wirings according to 

Fig. 6 illustrates the film forming procedure for forming the electrodes and wirings according to the present 
io invention, in schematic perspective views. 8 vult| " oel " 

At first the outline of the procedure will be described. A semiconductor substrate with an insulating film hav- 

X > Jwc ^tT * !™ f0rm ' n9 Chamber ' and lhe surface thereof is maintai "<* for example 

at 250 - 450 C. Thermal CVD conducted in a mixed atmosphere of DMAH gas as alkylaluminum hydride and 
hydrogen gas causes selective deposition of AJ on the semiconductor exposed in the apertures There may 

T„T V , r C ° ndUCted Se,6CtiVe deP0Siti ° n ° f 3 meta ' film princi P a,, y comp ° sed <* Al. for example X-S.T 
,nB-oduct,on for example of Si-containing gas. as explained before. Then a metal film composed solely or prin- 

suh L h S " on - selec,ive| y formed b y sphering, on the selectively deposited AJ and on the insulation film. 
Subsequently he non-selectively deposited metal film is patterned into the shape of desired wirings thereby 
obtaining the electrodes and the wirings. wrings, inererjy 

20 «, hi"? pr0Cedu , re f be ex P |ai "ed in greater details with reference to Figs. 3 and 6. At first prepared is a 

itXZ^M 9 , eXamP ', e ° f 3 monoct y sta,,ine silicon wafer bearing thereon an insulation film, in which 

apertures of different sizes are formed. 

F ' 9 ' ^ t ChematiCa " y Sh ° WS 3 P3rt ° f S3id substrate - wh <*ein shown are a monocrystalline silicon substrate 
* tl JlZ IT a , ~ ndU " ive sut »strate; a thermal silicon oxide film 402 constituting an insulation film; and aper- 

25 tures 403, 404 of different sizes. 

The formation of Al film, constituting a first wiring layer, on the substrate is conducted in the following man- 
ner, with the apparatus shown in Fig. 3. M 

«h« firSt ' ne ab ° v ^*P |ained substrate is placed in the load lock chamber 31 1 , in which a hydrogen atmos- 
phere ,s "shed by introduction of hydrogen as explained before. Then the reaction chamber 312 is 

wrthTh 1 V VaCUUm SySt8m 316b approximate| y <° 1 * ^ Torr. though A. film formation is still possible 

with a higher pressure. ^ 

Then DMAH gas obtained by bubbling is supplied from the gas line 319, utilizing H 2 as the carrier gas 
h«„ h ( ydr0 ?^ n as ths reaction aas is introduced from the second gas line 319'. and the interior of the reac- 
tion chamber 31 2 .s maintained at a predetermined pressure, by the adjustment of an unrepresented slow leak 
valve. A typical pressure is about 1.5 Torr. DMAH is introduced into the reaction chamber from the DMAH line 
with a total pressure of about 1 .5 Torr and a DMAH partial pressure of about 5.0 x 10^ Torr. Then the halogen 
lamps 330 are energized to directly heat the wafer, thereby causing selective Ai deposition 
, h ,f h a 3 ^ 6 '!;"™^ deposition time - ,he DMAH supply is interrupted. Said deposition time is so selected 
<o fil^T f °k (monoc T sta,line silicon substrate 1 ) becomes equally thick as Si0 2 (thermal silicon oxide 
•«o film 2). and can be experimentally determined in advance. 

In this process, the substrate surface is heated to ca. 270°C by direct heating, and the procedure explained 
above causes selective deposition of an Al film 405 in the aperture, as shown in Fig 68 
The foregoing is called a first film forming step for forming an electrode in an aperture 
After sa,df,rst film forming step, the CVD reaction chamber 312 is evacuated, by the vacuum system 316b 
~5 to a pressure not exceeding 5x10-3 Torr. Simultaneously the Rf etching chamber 313 is evacuated to a press^ 
ure not exceed.ng 5x10^ Torr. After confirmation of said evacuations of the chambers, the gate valve 310c 
•s opened, then the substrate is moved from the CVD reaction chamber 312 to the Rf etching chamber 313 by 
the transport means, and said gate valve is closed. The Rf etching chamber 313 is evacuated to a pressure 
not exceeding 10^ Torr. and is then maintained in argon atmosphere of 10-' - 1CH= Torr by argon supply from 
torn^R " "h ; SL ' bStra ' e h °' der 320 iS maintained a < 200°C. and an Rf power of 1 00 W is supplied 
11 ! ? ' 321 f ° f aD0Ut 60 S6C0nds t0 9 enerate an af 9° n discharge in said chamber 313 

whereby the substrate surface is etched with argon ions and the unnecessary surfacial layer of the CVD der^ 
osition film can be eliminated. The etch depth in this case is about 100 A. corresponding to the oxide film. SaZ 
surface etch.ng of the CVD deposition film, conducted in the RF etching chamber, may be dispensed with since 
said surfaaal layer ,s free from oxygen etc. as the substrate is transported in vacuum. In such case the Rf 
etching chamber 313 may serve for varying the temperature within a short time if the temperature is significantly 
different between the CVD reaction chamber 312 and the sputtering chamber 314. 

After said Rf etching, the argon supply is terminated, and the Rf etching chamber 313 is evacuated to 5 x 
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source-dram .areas 8. n-type gate polysilicon 10. an Al-Si film 1 1 selectively deposited thereon and source-d™ 
! I!': 0 " 65 J * 7 he PM ° SFET 3nd NMOSFET »«» -'-ctn-cany separated by a separation area 3 The poTs^o'n 

ZV , T- d0P6d " different C ° ndUCtive * pes - ° f a conBrJuou, polysilicon layer and^he Al Si 

film 1 1 ,s selectively deposited on the entire area of said polysilicon layer 

5 ,h, f^' 9 ' 1 1 l, ind ' CateS contacIare « of the source-drain electrodes, and 15 indicates the boundary between 
the field ox.de Mm 3 and the transistor active area. The source-drain electrode 14 are preferably fo^eo^so 
by the selective deposition method explained above Prereraoiy termed also 

R S s N 7 0 andT nCe ^ ma<Je t0 Fi9S ' 9 '° "' eXP ' ainin9 meth ° d f ° r pr ° dUCin 9 the MOSFET shown in 
W ^^t^ r , eCiet T me<i area ° f a " n " type substrate 1 with a " irnpuriry concentration of 10" - 1 0 » 

"ooT^roTTru 0 ' B ' i0nS W " h 3 d ° Se ° f 10 ' 2 " 100 cm " 2 ' fo,lowed by 3 heat ^^"« « ^ 
r nf , h I . P . 3 se P arat,on area 3 w as formed by a LOCOS process and a aate oxide film 

L nir h S ° t 100 ' 350 A W3S f ° rmed (Fi9 ' 9> - S "°seque nt)y ion implantation was conducfed in o dma^ 
manner. ,n order to control the threshold voltage and the source-drain voltage resistance * 
15 P^f^'ayer of a thickness of 1500 - 4500 A was deposited by LPCVD. then a area where the 

3x10^'° n° Vered ^ p(uMn ^ 5 ' ^ ** '°" S ™* with a do^e oM 0" 

the P MOSFET area T ° f PM ° SFET ^ ™ l ^ Ph ° t0reSiSt in the NMOSFET area "as sapped. 
10^Z 3 « %T ^ y C ° Vered With P hotoresist - a "d P* ions were imp.anted with a dose of 5 x 10" 
10« crrr* (Fig. 11). Subsequently heat treatment was conducted at 900 - 1000«C 

20 T . n A " e ;P atternin 9°f"e Polysilicon. the surface and the lateral faces of polysilicon layers 9, 1 0 were oxidized 
PMOSFpV 0 " hT?- imP ' anted W " h 3 d ° Se ° f 10,5 - 3 * 10,5 cm " 2 in ° rder l ° <°™ 'he source-drTanaas 7 of 

8 of NMOSFFT rt '""J! ^ imP ' an ' ed ^ 3 d ° Se ° f 1 °' 5 ' 10 ' 6 cm " in ° rdert ° f °™ source'raTn arias 
8 of NMOSFET. Thus the source-drain areas can be formed in self-aligning manner Then thermal freataent 

,5 " 80 °- 1000 ° C ' SUrfa=ial ° Xide fi ' m ° f ^ Unless 9. 1 o wL S£X££ 

,Hol"^X te A^Z t TT r SUb f at6 ' P °' ySi,iCOn ' ayere 9 ' 10 and ,h£ ° xide ^ether ^ 

Shown in Fig. 12. Among the above-explained AI-CVD method, a low pressure CVD employing DMAH Si H 

CsTT » 6 r Ct,0n WaS C ° ndUCted '° Se,eCBVe,y deP ° Site a " *" -'e Iy r,he po^ficon' 
layers 9, 10. thereby forming a multi-layered film of polysilicon an Al-Si 

30 by CVrfnX™ C "„°? FET Sh ° Wn ln R9 - 7 WaS prepared by de P° sitina the int ^ayer insulation film 12 
by CVD. opening contact holes on the source-drain areas of MOSFET. and depositing Al-Si 13 in said contact 

^Zt^lJKr A h mU,ti -' ay r d Wirin9 S ' rUCtUre may be f ° rmed by ^ * second intX 
insulation film on ,he structure shown m Fig. 7. This can be achieved by opening through-holes reachino L 

« with sfor Al bv sel ' V S ( ° Urce - drai " electrad - ' 3 in said second insulation film, fining JKh^rfoS, 
Z, h A y ^Position, forming for example an Al-Si film on the secondlnterlayer insulation 

^TZSZT*" method such as SDunerin9 ' effec,ina a p « 9 -p «^-* «™ S 

the It », M ?h ET ?T P D reP3red Ca " " e Ut " iZed 35 an inverter as shown in Fia - 13. In Fig. 13. an area below 
o the NMOSFFT 6 ?? SFET iS C ° mPOSed ° f P-P°'y sili -". -hile an area below the gate eS£ 

Lrein so fh J i'l hTT n "P o| y silic ° n - When polysilicon is used as the eiectrode. a pn Junction is fc^ed 

enabled tnl u l of Tr """^ * ""^ P °' ySiUC ° n 33 3 Wifin9 - However the P^sen/embodimen^as 
enabled the use of polys,l,con as a wiring, for example for a common gate of a CMOS structure, since Al-sl 
metai ,s selectively deposited on the polysilicon. 

5 « a ,fi?Jh ^ 3 CrOS Q S " Sec:,onal view of a 9ate wiring Gl of PMOSFET and NMOSFET in Fig. 13. In the present 

^rar^b^ 

but n e n a c b r T XP ' a Se ' eCtiVe A '" Si de P° sitin 9 me,h ° d can selectively deposite A.-Si not only on sHicon 

Jv fc^lc s r h S T 35 WS,J ' M0Si2 ' TBi2 ° rTaSi2 - thS Wiri " 9 may a,so be f °^ d - a * shown in ™ 
by forming a shade 17 on tne polysilicon layers. 9, 10 and selectively depositing an Al-Si film 11 thereon 

DrP Jnf I™ ' mplantat,on int0 P°'ysilicon and the ion implantation for source-drain formation for MOSFET in the 
present example are conduced in separate steps, but these ion implantations may be in a same step 

sou ^of MOSFET''- 6 T 3 mUl , tMayered ,ilm of P°'^ lic ° n a "d Al-Si for the lead e.ectrodes for the 

iuurce-crain of MOSFE t , as in the gate electrodes. 

viewer' Z ^^'o * V urp0Se ° f com P aris °n. a CMOSFET prepared by a conventional process in a plan 
in c l aa a „? r ? S (PI) 3nd NM ° S (N °- there are -spectively formed polysilicon gates 109 110 doped 
in p-type and n-type. and said gates are connected to an upper Al layer 1 13 through contacts 1 14 in through 

of 400^7 ,'" th !' n ' eria ^ insulati °" such conventional example, a polysiLn wiring with a thickness 

of 4000 A. a ,ength of 10 and a width of 2 ,m had a resistance of 50 - 200 n. On the other hand a S 
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of the present invention with a polysilicon layer of a thickness of 2000 A and an Al-Si (or Al) layer with a thickness 
of 4000 A significantly reduced the resistance to 1 Cl or less. Consequently the switching speed of the CMOS 
inverter can be significantly increased. Also according to the present invention, since Al-Si is directly deposited 
on a single polysilicon layer including the portions of different conductive types, the connecting part between 
5 AJ-Si and poiysilicon, as in the conventional structure shown in Fig. 17. can be eliminated. It is therefore possible 
to eliminate unnecessary areas in the circuit layout. The production yieid is not deteriorated by this fact, and 
the design freedom is increased considerably since n*-polysilicon and p~-polysilicon can be freely connected 
in the circuit. This fact contributes greatly to the improvement of circuit performance and the reduction of period 
required for circuit development. 

10 

Example 2 

Fig. 18 is a schematic plan view of an example of bipolar transistor embodying the present invention, and 
Fig. 19 is a plan view thereof. 
15 This example has an npn transistor N2 and a pnp transistor P2 formed on a semiconductor substrate 31 

composed for example of monocrystatline silicon. More detailedly, the substrate 31 is provided with an n*-buried 
layer 32 and a p + -buried layer 33, and the npn transistor (N2) includes an n-type collector lead layer 36 formed 
in an aperture in an n-epitaxial layer 34, a base layer 38A formed on said n-epitaxial layer 34, an emitter elec- 
trode penetrating through an oxide film 37 and composed of polysilicon 40 and an Al-Si film 44 formed thereon, 
20 and collector and base Al-Si electrodes 44 connected to the wirings on an intertayer insulation film 43. Under 
the polysilicon Iayer40 there is formed a diffusion layer 40A. Similarly the pnp transistor (P2) includes a collector 
area 35, a collector contact 38B, a base layer 39, a polysilicon layer 41 constituting an emitter electrode, an 
AJ-Si layer 42 selectively deposited thereon, collector and base Al-Si electrodes 44, and a diffusion layer 41 A. 
The npn transistor N2 and the pnp transistor P2 are electrically separated by a p-type isolation area 35A. In 
25 Fig. 19, 43 and 44 are isolation areas for the npn and pnp transistors, and 45 and 46 are contact areas of the 
emitter electrodes of said transistors. 

In the following there wiil be explained the method for producing the device of the present example, with 
reference to Figs. 20 to 25. 

At first the n-buried layer 32 and the p-buried layer 33 were formed by an ordinary method on a p-siiicon 
30 substrate 31 with an impurity concentration of 1 0 - 4 - 1 0 1 * cm- 3 . Then, as the collector area of the npn transistor, 
an n-epitaxial layer 34 was deposited with a thickness of 1 - 5 nm and with an impurity concentration of 10 15 - 
10 1fl crrr 3 , by epitaxial growth (Fig. 20). 

Then B + ions were implanted with a dose of 10 12 - 10 13 cm- 2 to form the collector area 35 of the pnp transistor 
and the p-type isolation area 35A. Also P* ions were implanted with a dose of 10 15 - 10 16 cm* 2 for forming the 
35 n-type collector lead layer 36, for reducing the collector resistance of the pnp transistor. Subsequently a thick 
oxide film 37 was formed by LOCOS process (Fig. 21). 

Subsequently the base area 38A of the npn transistor and the collector contact 38B of the pnp transistor 
were formed by ion implantation with a dose of 10 13 - 10 u crrr 2 and the base area 39 of the pnp transistor 
was formed by P* ion implantation with a dose of 10" 3 - 10 1 * crrr 2 . Then, after apertures were formed in the 
40 oxide film of the emitter portions of the npn and pnp transistors, the polysilicon layer 51 was deposited. The 
area of the npn transistor was covered with photoresist 52, and B* ions were implanted with a dose of 5 x 10 1 * 
- 5 x 10 15 cm- 2 into the area of the pnp transistor (Fig. 22). 

Thereafter the photoresist of the npn transistor area was stripped , then the pnp transistor area was covered 
anew with photoresist 52, and As* ions were implanted with a dose of 10 lS - 10 1fl crrr 2 into the polysilicon layer 
45 of the npn transistor area. Then a heat treatment was conducted at 900 - 1 000°C in order to diffuse the impurity 
of the polysilicon layer into the semiconductor substrate (Fig. 23). 

Subsequently the polysilicon layer was patterned to form the emitter efectrode polysilicon layer 40 for the 
npn transistor and the emitter electrode polysilicon layer 41 of the pnp transistor (Fig. 24). 

Onto the polysilicon layers 40, 41 . Al-Si films 42 were selectively deposited by the aforementioned AI-CVD 
so method, utilizing DMAH gas. Si 2 H 6 and H 2 with the substrate surface maintained at 270°C (Fig. 25). 

The bipolar transistors shown in Fig. 18 were completed thereafter by depositing the interlayer insulation 
film 43 by CVD, opening contact holes on the collectors and the bases, and selectively depositing the Al-Si 
layer 44 similarly as the Al-Si film 42 for the emitter electrode. In the structure shown in Fig. 18, it is possible 
to form wirings connected to the electrodes 44 by non-selectivefy depositing an AJ-Si film for example by sput- 
55 tering on the insulation film 43 and effecting a patterning step. Similarly a multi-layered wirings connected to 
the Al-Si films 42 may be formed. 

The bipolar transistors thus formed may be utilized as a buffer circuit as shown in Fig. 26. 

In Fig. 26, the emitter of the pnp transistor is composed of p-polysilicon and Al-Si film, while the emitter of 
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mutuaT.v differ T " ^ e ' eCtr0de Wiri " 9 ' WhiCh iS in con(act with semiconductor layers of 

ZZlTes 7o^T V r e T S SSrVeS '° C ° nneCt " ' eaSt Said la * ers ° f ™**»y «**™nt con 
ponentor saw s.m h " °" PrinCiPa " y C ° mp ° Sed ° f a com P°^n. same as the principal com- 

ponent of sa.d semiconductor layers, and a second portion consisting of a metal. 

2. A semiconductor device according to claim 1 , wherein said first portion is composed of polycrystalline si.i- 

' o^^^^^^^ — - — — * -Posed of aluminum 

oVa%tr^^^ - w- 9 connects gates 

e^TcTjlT: f ? C °T g '° any 0fC ' a ' mS 1 t0 3 - Wherei " "'^'"trode wiring mutually connect 
emitters or collectors of a pnp transistor and an npn transistor. 

i7ctmpone P nTs^ n9 " S *™ COnduCt ° r devic * Wh ' Ch C ° mpriseS fomin 8 3 first ^ principally 
1 poZs of s/d 38 the r nC,pal COmponen 1 ° f a semiconductor substrate, said first layer bridging 

fTm Md?dl r e 7° r; UbS ' ratS ' 8XP0Sed " 31 ' eaS ' """P"*"" '°™<* - an insulation 
Mm provded on the surface of sa,d semiconductor substrate, and selectively depositing aluminum or a 
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metal principally composed of aluminum on said first layer composed of doped polycrystalline silicon. 

A method according to claim 6, wherein said deposition of aluminum or a metal principally composed of 
aluminum effects selective deposition of aluminum by a CVD method utilizing at least alkylafuminum hyd- 
ride and hydrogen. 

A method according to claim 6. wherein said deposition of aluminum or a metal principally composed of 
aluminum effects selective deposition of aluminum containing silicon by a CVD method utilizing at least 
dimethylaluminum hydride, gas containing silicon atoms and hydrogen. 
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